The aim of this study was to assess the modifications of fish myosin induced by interactions with four aldehydes: hexanal, 2-hexenal, 2,4-hexadienal, and 2,6-nonadienal. These compounds are generated during lipid oxidation and are known to have an impact on the functional properties of proteins.
The purpose of this study was to investigate the biochemical modifications 90 (quantitative and qualitative aspects) of a target protein, myosin, after reaction 91 with various aldehydes of the alkanal, alkenal, and alkadienal family, secondary 92 products of lipid oxidation. 93
An assessment of the availability of the aldehydes (liquid-air partition) was 94 carried out by SPME, in order to measure the quantity of these compounds 95 retained by the proteins. The nature of the interactions was tentatively 96 determined by spectrophotometric methods. 97
98

Materials and Methods 99 100
Samples 101
Fillets from cod, fished in North-east Atlantic area, were purchased from a local 102 fishmonger (Nantes, France). They were preserved in the ice until their use. 103
Folco, Trucco and Sanchez (1986), modified by Kristinsson (2001) . 114
Electrophoresis was carried out to be ensured of the purity of the myosin. 115
Electrophoresis analysis 117
The purity of the isolated fractions was monitored by sodium dodecyl sulfate 118 polyacrylamide gel electrophoresis (SDS-PAGE), using 4 % -12 % gels.. Extraction: SPME 144
The conditions of extraction were optimized during previous experiments. 145
Samples (4 ml) were placed in specific 15 ml SPME vials and allowed to reach 146 equilibrium for 15 min at 30 °C. An SPME fiber, Carboxen-PDMS, 85 µm 147 (Supelco) was exposed to the gaseous phase for 30 min. The aldehydes were 148 desorbed after insertion of the fiber into the GC injector set at 260 °C. 
Results and discussion
219
Characterization of binding between aldehydes and myosin by SPME 220
221
On the basis of SPME determination, no significant variation in the content was 222 observed in the gaseous phase after 72 hours of contact between hexanal and 223 myosin. This result shows that there is probably no interaction between hexanal 224 and fish myosin. Therefore, the partition coefficient of this aldehyde was not 225 modified in the presence of myosin. Thereafter, hexanal was not used for the 226 biochemical analysis. 227 2,6-nonadienal and 2,4-hexadienal in the gaseous phase were observed 229 according to the time when these compounds were placed in the myosin 230
solution. An almost linear slow decrease in 2-hexenal was observed between 0 231 and 72 hours (Figure 1 ). For 2,4-hexadienal, the decrease was more rapid 232 between 0 and 48 hours and, after this time, the change in the concentration was 233 slow reaching 0.22 µg/ml at 72 h (Figure 2 ). 2,6-nonadienal was not detected in 234 the gaseous phase after 48 hours of contact with fish myosin solution (Figure 3) . 235
The interaction between 2.6-nonadienal and fish myosin is very significant. groups. This could be explained by the fact that binding occurs only between the 278 carbonyl groups of aldehydes and the free amino groups of lysyl residues via a 279
Michael type addition pathway to generate carbonyl derivative (Esterbauer, 280
Schaur and Zollner, 1991 ) 281
In the presence of 2,6-nonadienal, the quantity of free amino groups in the 282 samples was less than in the control after 2 hours of contact and remained 283 constant for up to 4 hours ( Figure 5 ). After 6 hours, the decrease in the 284 concentration of free amine groups compared to the control was very 285 significant. This concentration was close to zero after 12 hours. The kinetics of 286 retention of 2,6-nonadienal on the amino groups of myosin was faster than with 287 the other aldehydes. 2,6-nonadienal was added quickly onto the free amino sites 288 of myosin (this observation confirms the results obtained by the SPME method). 289 A modification of the spatial structure of the chains of myosin in the presence of 290 2,6-nonadienal in the medium would allow a greater accessibility of the free 291 NH 2 groups of the α helix. 292
293
Effect of aldehydes on free sulfhydryl group content 294 sulfhydryl groups of myosin ( Figure 6 ) show a slight decrease of these groups 297 even in the absence of the aldehydes. This decrease could be due to a 298 spontaneous oxidation of these groups. However in the presence of the three 299 aldehydes a significantly stronger reduction in these groups could be observed 300 after 24 hours Moreover, the results showed that 2,4-hexadienal and 2-hexenal 301 had an equivalent reactivity after 6 hours. Ichihashi, Osawa, Toyokuno and 302
Ushida (2001) The decrease of the partition between the liquid and the gaseous gas of 2,6-338 nonadienal, 2-hexenal and 2,4-hexadienal observed thanks to SPME, allowed to 339 highlight the occurrence of interactions between fish myosin and products of 340 lipid oxidation like aldehydes. 341
It was shown that these interactions lead to a decrease of protein solubility, 342 probably due to aggregations. It appears clearly that amino and sulphydryl 343 groups were involved in these interactions. It can be noted in particular the 344 reaction of aldehydes with the free lysyl residues according to the Michael 345 addition pathway. 346
The results of this study show also that the presence of double bond in the 347 aldehyde chain is necessary so that a reaction takes place and, moreover, that 348 the binding occurs more quickly with aldehydes having a long chain, presenting 349 a double bond, cis conformation. 
